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Oh December 2, 1942, In a racquets court underneath the.West Stands 
of Stagy Field at the University of Chicago, a team of scientists led by Enrico 
Feritii created man's first corUrolled, selt-sustair^ing nuclear chain ruction. 

• • ♦ ■ 

^ Since 1946 the story of this romarKable scientific and technological 
achievement has been periodically oommemorated by those involved. It is 
now a wel( known and significant benchmark in the history of nuclear energy 
technology. 

Ihis uj^dated and revised story of the first reactor, or "pile// is based 
on the firsthand Accounts of the participar^ts^ as told to Corbin A1lardice*and 
Edward R. Trapnell. It also includes the postwar recollections of Enrico and 
Laura Fermi. The text of the three accounts remains largely unchanged. 

\ 

Fif)rty *years after the event, this pamphlet still serves to provideMhe 
public with a brief and readable account of a significant moment in'Amerrcan 
history of nuclear energy. 
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INTRODOCTrOlM 





This new edition of an old story of,man's first setf-sustainJng nuclear 
chain reaction is itself a document of historical interest and sigrnf icance. 



Because of the extraordinary secrecy that surrounded the Mantlattan 
Engineer District, Ainerica's $2 billion project to harness atomic energy, lhe\ 
postwaf put)lic was largely ignorant qf its history.. ' / 



The original essay on ^IM First Pile" was writtenJn the-fall of 1946 
beaiuse nowhere in the extensive recoids of the Manhattan Project wastliere 
a narVatiye history of^the first self^sustjiining nucleai chain reaction. Prepared 
for a press release l>y the Manhattan Engineer/bistrict, the report included 
background material which was part of the final report on a significant 
OKpeitment. . ' • * 



/ 



The original authors of "The First Pile" werv Corbin Allarcljco and^. 
Edward R. Trapnl>il, two public information officers for the Atomic Energy* 
Commission, the agency that succeeded the Manhattan Project on January 1, 

' ^ 1947. Allardice later served in various public information posts for the 
Atomic EnergV Cbrpmissioh and .Trapnell became Special Assistant .to the 

• . AEC General Manager with r6sponsiiiilUies fo/ tongressiowal relations. 

Trapnell ancJ Allardice felt that the story of the expari men t which wai 
successfully completed on December 2, 1942, was of such significance that 
It should be written down while still relatively fresh in the minds of those* 
^^'^o took part. Their essay is based on pQstwar interviews with^ more than a 
d^M^Vr. ^ the 43 scientists present at the Stagg Field on December 2nd. An- 
other valuable source w§$ the tape on which was traced the neutron intensity 
^within the first pile. 



I 



In addition. The First Reactor contains xfyo firsthand reminiscences of 
Pnrico Fermi, the Nobel prize winning project director, and his wife, Laura. 
Written in the 19.56's, they prdvidip valuable insights into the human and 
technical challenges of a Secret enterprise conducted by Anfiori^an and Euro- 
pean refugee scientists. ^ ^ . . 



^ The appQtided list« of those present was obt^ie<;i from the. label of a 
^l)ottle i() which Di, E. P.- •Wign^r had brought Chianti wino to toast the 
, oxperimont's success. Most of those present had sifiried the .wine bottle's 
labol and given it to Qr. A. Wattenborg as a merrtonto. This was the opiy 
written record^f who had tak<^ part in the experiment. Each of the scien- 
tists listed on ttie'bottle'vvas '^$ked if he recalled an^others wbomight have 
been present and the mqltino li^t of 43 names jwas accepted corv^plete. 

* Tho two drawings of the first pile were prepared by Melvin A. Miller 
of the Argonne N^tiorfal^ Laboratory staff in the fa\\ of 1946. They ^re ba^^ed 
on descriptions givervMiljer by the scientists who built the first ^'pile," 



* In the years $inc«i. 1946 iriore literature on ^luclear energy history has 
become available, i'ncruding the memoiris and autobiographies of many 
scientists involved in the Manhattan Project, the t)fficidl but unpublished- 
^"^Tfttbiti.volume ^history of, the Project (declassified In 1976), and scholarly 
/ monographs. To reflect this new information and perspective forty years after' 
* .the o\yent, wo have adde4 ah epilogue a^jd updated the bibliography of recom- 
• mended readings. • . ! . 

f . \ ^ ' . , . • ' ■ 

J • ^* I' . ^ * • 

We are grateful to Professrtjr Robe t C. Williams of Washington UniverJt 
sity in St. Louis, and to ^istory Associaies Incorporated, for dssis^tance in the 
revising and updTatino^^^this bri^f but irrf ^prtant history^ 
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Jack M. Holl 
Chief Historian 



'THE Fir^ST P\\M 

By^orbinjAHdrdice apd EdvAlard R. Trjapnell 



^ On December 2, 1942, man*f irst initiated a self sustaining nuclcftir cb^ii.n' , 
redction, and controlled it. - - ♦ 

ffen«ath the West Stands lot Stoso Field/ Chicago, kite in tl^o ahetwoon, 
of that day, a small yroup of scientists^witnessod the advent of a new <(»a jn 
science/History was made in Vvhat had been a squash-rackets court. 

Precisely at 3:25 f^.m.,*^ Chicago time, scientist George Weil withdrew, 
the cadm/(im-plated controLrodl and by his action ma^X unleashed pnd con- 
ti^olled the energy of the atom. . . ^ • . ^ ^ 

As those who witnessed the experiment became aware oif what rtad 
happened, smiles spread over their faces and a quiet ripfJIe of appl3use could 
bo heaid. It was a tribute to Enrico Fermi, Nobel Pri/e winner, to whom, 
(nore than to any other per^ort, the success of the^j^p^f iment was due. 

Fefmi, born ir) Rome, Italy, on September 29, 1901. had^been vybrking . 
with uranium for many years. In 1934. her bombarded uranium with neutrons 
and produced what appeared to be element 93 (uranium is element 92k and^ 
element 94. However, after closer examination it seemed as if nature had 
yone wild; several other elemerits were present, but none could be fitted into 
the periodic table near uranium -where Fermi knew they should have fitted^ 
it they had been the transuranic elements P3 and 94. It was n^f until five 
years later that anyone, Fecmi included, realTzed he had actually caused 
fission qjrthe uranium and that these unexplairiQd elements belonged back'^ 
in the middle part of the periodic table. 

Ferfni was awfQ-ded the Nobel Prize in 1938 for his work on transuranic 
elements. He and |jis family went to Sweden to receive the prize. The Italian 
Fascist press severely criticized him for not wearing a Fascist uniform and 
faiUng to ^ive the Fasci^ salute when he received the award. The Fermls 
itever returned to Italy. 

From Swedien, having/taken mqst of his personaUpossessions with him, 
Fermi proceeded to Lor?don and thence to America where f\e has cemaiijed 
ever since. ^ . - ^ 

Th^ rriodern Italian explorer of the unkjiown was in Chicago that cold 
December day in 194SL An outsider looking into the squash court where 
Fermi was working woyldlhave been greeted by a strar^ge sight. Ir) the center 



Whe University of Chicaflo,athlet^fc stadium.. ' * j 

^Dr. Herbert Andean has pointed out that the time wo5 3:36* wiich js now the 
accepted official time ^^Iw 

^Or Fermj died in Cmpioo, Illinois, November 2S, 1964. 



Sketch of thtt f/fst pila Around it i$ a tent of balloon cloth fabric, prepared^o (hat 
the reactor could be sealed to mihtm)/e not}prodocttve Joss of neutron^ if necessary ; 
who tent wa» never U3^i. 

of the 30- by 60'foot room, shrouded op ^11 but one .side by a gray Walloon 
cloth onvolopt!, Wii^ a pile of block bricks and wooden timbers, sq^jare.at the 
Ij^ottoin arid 5 flattenfrtJ spheili on tpp. Up to lialf of its height, its sides were 
straight The top hal-f was domed, like a beehive. Dunngthe construction of 
this crude appear incj but complex pile (the name which has sincx? been applied 
Xo^W such devices)^ the standir\g foke among tnVscjentists working on it wM: 
"If people 'could see what we'rq doing with a million and a-half of their 
dollars; "^hoy^'d think we are crazy>;ili they knew why we are doing it; they'd 
be sure we are." ' , ' 

ln^f?latron to llu^ fabulous atomic iTomb progratn, of which tlie Chicago 
Pile experiment was a key part, the successful result reported on December 

H^iul formed one more piectJ for thv jigsaw puzzle which was atomic energy. 
Couiirmation of the chain reactor studies was an inspiration to the leaders of 
the bomb f)roject. and reassuir>ig at the sanr\e tinte, because the Army's 

/'Manhattan Engineer District liad moved ahead on many frf^nts. Contract 
negotiations were under way to build productlbn scale r^uclear cliain reactors. 



^Thr Tqrni "piU>." iM uso U)» th(^ first tow yo^its of ih« aiomic nyo, giadunlty gave 
way to "rejujtor" to idoetify the key tS^s/xca tNl controls the nucloai fission reaction. ' 
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land hacl*been acquired at Oak Ridge, Tennessee, and millions pf dollars had 
been obligated. * ! • ' 

Three years before the December 2nd experimerit, it had been dis- 
covered that when an atom of uranium was bombaided by neutrt)ns, the 
uranium atom ?ometmies was split, or fissioned. Ldtel^, it had byon found 
that whfcn an atom of uranium fissioned, additional neutrons wore emitted 
and became available for further reaction with other uranium ato'ms. These 
facts implied the possibihty of a cham reaction, similar in certain respects 
to the reaction which is the source of the sun's energy.^ The facts further 
indicated that if a sufficient quantity of uranium could be brought together 
0nde\ the proper conditions, a self-sustaining chain Reaction would lesiilt. 
This, quantity of uranium necessary fo( a chain reaction under give/i condi- 
tions IS knoNA/n as the critical mass, or more commonly, the "critical size" 
of the particular pile. ' . • 

- For three years the problem of a self-sustaining chain reaction had been 
assiduously studied. Nearly a year after Pearl Harbor,^ a pile j[f critical size 
was finally constructed. It .worked. A self-sustaining nucl4?^f^hain reaction 
was' ^reality " . * 

Yoar^ of Rreliminary. Research 

. ... » ■ 

* Years of scientific: effort artd study lay behind this demonstration of 
the first: self su^tainirjg nuclear dhain reaction. The story goes back at least to 
the fall of 193^wheh two German scientists. Otto Hahn and Fi-itz Strassmarr, 
working a^the ICaist>r Wilhelm lnstitute.ir> Berlin,* found barium in the residue 
material from an experiment in whi(!h they had bombarded u ran iu(ti with 
neutrffhsvfrom a radium-bfcry Ilium. sour^ce. This discovery caused tremendous 
excitement in the laboratory ^ec4use of thj9 dlffilr'ence in atomic mass be- 
tween the barium and the uranium." Previously, in residue material from 
Similar experiments, elements othyl than uraniunn had been^found, but they 
differed from the urar>ium by 4|ne or'lwq priits of mass. The bariv*n\ 
differed by approxima^ly OS-^units of mass. The qtioslion was, wlidre did this 
elehnem corr^e from?- It appeared that the uranium atom .when bombarded, 
by ^ neutron had split into two (different elements, each of approximately 
half the mas$ of the uraniDm. * 

Before publishing the^r work in the ^erman scientific journal Dio 
Naturwissenschaften, Hab'n and Strassmati comfl[iunicated with Lise Meitner 



^Tho Japanese attacked the American \iaval base at PeffW Harbor, Hawaiian 
Utand&, Decernber 7, 1941, this attack brought KM United States into World War 11. " 





who, havin(i tlod tho Nazi\:ontrp)led Reidi,^ was working with Niels Bohr in 
Copenhnfjdn, Denniark. ^ \ - " . 

Mtss Meitner was very nnuch interested in this phonomcfnon and inime-. 
diately attempted to .arisalyze mathenVaticdIlv the results of the exp^jriment. 
She reasoned thdt tho hanum and the other resrdual elements weie the result 
of a fission, or breaking, o^ the uranium atom. But whtitn she ad^od the 
atonnc masses of the residual elements, she found this total \A/as less than the 
atomic mass of uranfum. - ' S ^ 

There wos but one explanation: The uranium fissioned or split, forming 
two elements each of approximately half of its original m^ss, but not exactly 
halt. Som.e o\ t)ie mass of the uraniuiyi had di&d|Jipeared. Miis MeittiGr and her 
' nwphew 0. R. Frisct) sucjijesteci that tJie mass vyhlch disappeared 'was corv' 
veiti^d into energy. Accoiding to the theoiy a(fvar>ced in 1906 by Albert, 
tinstein in which the relatioriship of u^ass to eriergy was stated by the equa- 
tion E " nu:*^ (energy is equal to mass times tho square of the speed of light), 
ihis energy release would be of the order of 200,000,000 olectror> volts for 
eacli atorTi fissioned. ^ . . * , . 



(lOirn.iny undff AtU>II Miikf 's Na/r f\iMv ruU? wds 'Kfiown Oh Ihe "Ihiid Hojch" 



^ (Third f^Oiurn). 
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Bohr's Trip to America* 



\ Einstein, himself, nearly thirty-five years 
before, had said this theory rriight bo proved 
by furtlier study of s radioactive elements. 
Bohr was planning a trip to America to discuss 
othet probfoms with Einstem who liad found a 
haven at Princeton's Institute for Advanced 
Studies. Bohr came to America, but. the princi- 
pal itelti he discussed with Einstein was the 
ropprt of Meitner and Frisch, Bohr arrived at 
Princeton on January, 1G, 1939. He talked to 
Einstein and J. A. Wh^plei who had once been 
his stqdent. From Princeton the news spread 
by word of mouth to neighboring physicists, 
including Enrico Fermi' at Columbia. Fermt an0 his a^ociates immediately 
began work to find the he^vy pulse of ionization which could be expected 
from the fission and consequent release of energy. ^ ^ ^ 

*. Before jhe experiments coyld ^t)e completed, however, Fermi left 
Columbia to attend a conference on theoi^etical physics at George Washington 
University irv Washington, D C. Here Fermi and Bohr exchangedjnf brmation 
and- cflscussed the problem of fission, Fe^mi mentioned the 'possibility that 
neutrons might 'be erriitted inr the process, !n>this cpoversation, thjieir ideas 
of the* possibility of at:hain reaction began to crystallize. 

Before the meeting was over, experimental confirmation of Meitner 
and Frisch's deducftion'^s obtained' from four laboratories in the United 
States (Carnegie Institution ofS/Vashington, Columbia, Johns Hopkins, and 
tfie University of California). Lqter it was learned that simila( confirmatory 
ej/periments tiad been ma.de by Frisch and Meitner on January 15th. Frederic 
Joliot Curie- in France, tfeo, confirmed the results and published them* in the 
January 30th issue of the French scientific journal, Comptes cendus. 

On February 27)^1939, the Canadian-born Walter H* ZInn and Leq 
Szilard. a Hungarian, both working at Columbia University, began their ex-, 
periments to find the number of neuti^onii emitted by the fissioning uranium. 
At the same time, Fermi and his Associates, Herbert Anderson and H, B, 
Hanstoin, commenced their investigation of the same problem! The^results 
of these experiments were published side-by-side in the Aprii edition of- the 
Physical Review and showed tftat a chain reaction mig^^t be possible since 
the uranium emitted additional neutror^s^wh^n it fissioned, / 




mHor H. Zinn » > Lm SJ^f/ard ' 

These nieasuromnnts of neutron emission by Fermi. Zinn, Szilard, 
Anderson, and Hanstein were highly significant stops toward a chain reaction. 

Tuither impetus to the work- on a uranium reactor was givefi by the 
discovery of plutoniuni at the Radiation Laboratory/' Berkeley, Califorfiia, 
m March, 1940. This element, unknown in nature, was formed by uranium-238 
capturing a neutron, and tht»nce undeiigoing two successive <:hanges in.atomic 
structure with the emission of beta particles. Plutonium, it was believed, 
vfould undergo fission as did the rare isotope of uranium, U^^, 

Meanwhile, at Columbia, Fermi and Zinn and their associates were 
woiking to determine operationally possible designs of a uranium chain 
reactor. Among otf\j^r things, they had to find a suitable moderating material 
to sIqw down the neutrons traveling at relatively, high- velocities. In July, » 
1941, exper'iments with uranium were started to obtain measurements of the 
reproduction factor (called "k"), which was the key to the problem of a 
chain reaction. If this factor could be made sufficiently greater than 1, a 
chain reactipn could be made to take place in a mass of material of practical 
dimensions. If it were less than 1 , no chain reaction could occur, ^ 

• Since impurities in the uranium and in the moderator would capture 
r>eutrons and make them unavailable for further reactions, and since neutrons 
• would escape from the, pile, without encountering uranium-235 atoms, it 

S . 



■^Wow the LawrGii(M3 Berkeley Radiation Laboratory, operated for the U.S. 
UepailiTienl of Energy by the University of California. 
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wiis. not known whether « valuo for' "k/ yroator thnn unity coihd ovor bo 
obtained. 



Fortunuto it wus that tho obtaining of a re0fbduction factor greater 
than 1 was a complex and difficult problem. If Hitler's scientists had discov- 
ered the secr.et of controlling the neutrons and had obtaitmd a working value 
of ".k." they would have Ueen well on ifie way toward producing an atomic 
bomb for the Na/is. \ » * . 



The Cubical Lattice Concept 



One of the first things that had to be dqte|min6d vyas how best to place 
iho uranium in the reactor. Fermi and S/ilard suggested placing the uranium 
in <i ryjatrix of the .moderating material, thus forming a cubical lattice of ura- 
niur^i. Ihis placer^iont appeared to offer the best opportunity for a neutron 
to encounter a uranium atom. Of all the materials which possessed the proper 
moderating qualities, graphUe was the only one 'which could be obtained 
in sufficient quantity of the (desired degree of purity. 

The study of graphite-uranium lattice reactors was started at Columbia 
in July^ 1941, but after reorganization of Ihe uranium project in December, 
1941, Arthur H. Compton^ was placed in charge of this phase of the work, 
under the Office of Scientific Research and Development, and it was decided 
Ipat the chain reactor program should be concentrated at the University of 
Chipago. CorisepSently, early in 1942 the Columbia and Princeton groups 





Arthur Hally Camptop, Director of the 
"Chicago Mstallurglcal Project," t^2-194S, . ., 



ERIC 



IS 



8 



ERIC 



> 



wure %tmsfttried to Chicago whortJ-ffto Mfttalluiyical L<ilH)rtj^orv was ostab- 

111 a yenorwl way. oxporimental nuclear physics group undor F^rml 
was primal ily concc^rnod with gotting a chain inaction goif^y; the chemistry 
division oiganized by H. Spedding (later in turn under S, K. Allison. 
J. Franck. W. C. Johnson, ajid ^. Hoyness) with the chenilstiy of piutontUm 
and with separation niettiods^ and the theoretical group under ii. P. Wigner" 
with designing production piles. However,, the problems were intertwined 
and the various scientific and technical aspects of the fission process wore 
studituJ in \^/hatever group seemed bist equipped for the.particular task, n 




r 



\ 

Norman Hifberry headed procurement efforts (hej 
secret ''MotaUurgical Laboratory. " ^ 



At Chicago/ the wcfrk on subcritical size piles was continued. By July. 
1942. the measurements obtained from these experimental piles had gone far 
enguyh to jHiorniit ^jj^hoice of design for a test pile of critical size. At that 
tinie^the dies tor the pressing of the uranium oxides were designed by Zinn 
and ordered made. It v|as a fateful step, since hie entire construction of the 
pile depended upon th^shape and size of the uraniurri pieces. ' 

It was necessary to use uranium oxides because metallic uranium of 
tb(^\^tf6sired degree of purity did not exist. Although several manufacturers 
wero attempting to produce the uraniyni metal, it was not until November 
that any appreciable amount was avajfable. By mid-November, Westingliouse 
Klectric and Manufacturing Company, Metal Hydrides Company, arjd F, 



^7 he Metnllii»qicni Lohointor^ wns thr prodecossor bf ArfjoiiViG NationnI Lnborn- 
toiy. which «<. operatoti foi thn U.S. Depmimeru of Energy by the University of Chicago 
and Aiijonne Universuies Association. 
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Spedding, who was wor kiiuj at *lovya Statcf Coj^flo at Ames. Iowa. Iiad de- 
. livorod several tons of the hiyfily purified metal wfuci) was placed in the pile, 
as cl6se to tfio comer as possible/Tho procurorK^nt program for moderatina 
material and uranium oxides fiad been liandlod »y fyotman Hilb$)rry. H. L. 
Doan headed the procurement program for pure uranium metftl. 

Althou(^h the dies for- the piessing of the uKdniurji oxides were (designed 
in July, additionai measurements were neatssary to obtain information about 
cov)tro1hnQ the reacticm. to reV^^e estimates as to the final critical si/e of the 
pile, and to develop other diit<i. Thirty experimtjntat subcritical piles were 
constructed before the final pile was completed, . j 

The Manhattan "bistrict Formed 

f\/leantime. in Washington, Vannfivar Bush, Dir^^tor of the Office of 
Scientific Resoarcft and Development, had rectyiimended to President 
Roosevelt that a special Army Engineer organization be established to lake 
lull responsibility for the development of the atomic bomb. During the 
summer, the f\4anhattun Engineer District^ was created, and in Sopteml>er, 
1942, Major General L. R, Groves assume^ commandl< 




Oonerai Lesfio /?. Groves, U,S, Artny Corps of Engi- 
neers, directed the '^Manhattan Engineer District/' 
1942^ 1946. 



^7 he Atomic hnorjjv Commission (AEC), vi civiliuo ngoncy* succeeded tfre 
Mnnhatten En^mner District as the novcmmootal Ofgnni/ntion to control atomic enoigy 
on January 1. >947. On October 11, 1974. Prettdent Gerald Ford signob the bill that 
abolished iho A EC. Tho retearch and dovolopment portions of the A^C were absorbed 
Into the U.S. Energy Hesearch and Development Administration (EFWl^); the regulatory 
portions of the AEG were absorbed into the Nuclear RoflulatorVf^Commisslon (NRC). 
On October 1. 1977, the Energy Retearch and Dovelopment AdminliVailon became part 
of the newly created DepartniCDt of Cnergy. ^ 
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Constiuction qf ^ the mn»n pilo at Chicago star tod in Novombor Ihe 
project gained rnornonafriC^^^^li inachinino of the graph iie^ljlo^ks, pressing 
Of the uranium oy(fu pellotjVwid the design instrum<^its?^,ormi's two 
''cofistructioni' crXs, 6ne underZinn and the other under /y^derson, worked 
almost aioun'd ihojclock V. C Wilson headed up the instrument WQik, 

Onqmal estiUiatei as to the critical size of the pile wor? pessinustic: 
As a fui\!iei pietairtionj it was decided to enclose the pile m a balkSon cloth 
bag which could bo ev^Xated to remove the neutror^-capturing air. 

This balloon cloih'bag was constiucted by Goodyear Tire and Rubl)er 
Company. Specialists in designing gasbags tot li^ihter tfi^a^Ajp craft, the 
compai^v's engiaeers were a bil puzzled" about the aelodynami^i of a.square 
balloon. Secuiity Regulations foibade informing Goodyear of the purpose 
of the envelope and so the Army's new squaio balloon was the. butt of much 
joking. 

The bag was hung with ohe side left open; in the center of\ the floor a 
circulai layer of giaphito bricks was placed. This and each succeeding layef of 
the pile was braced by a yvobcfen <frame. Alternate layers coritl^ined the 
yraniuin. By this layer-on layfir constructiori a roughly spherical ^pile of 
uVanium and graphite was formed.* 

Facihries foi the machiniag of graphite bricks' were installed in the 
West Stands, Week after week this shop turned out graphite bricks. This work 
was done under the direction ot Zmn's group, by skilled mechanics led by. 
millwright August Knutii, \n October, Anderson and his associates joined 
Zinn's merv . - , As . 
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Construction of the Pile 



/ 




dirmphite /iiyitrs form the bMO of th9 pHo^ left. On the rfgfft ($ tffe /tf} layer of grepfitte 
and fHigos )!^f Stfi fay or containing 3%inct} pseudosp flares of .black uran/u/rt aside. 
Beglpning witft layer 6, alternate courses of grapfflte cTihtafnIng uranium metal and/or 
uranium oxide fuel were separated by layers of s^lld graphite blockss * ^ 




Xenth layer of graphite blocks containing pseudosphetat of black and brown uranium 
oxide. The brown briquets, . slightly richer in uranium, were concentrated in the central 
area. In the foreground and on either side ate cavities filled with graphite, now presumed 
; fo haye be^n an expedient measure }dictated by shortage of fuel and, possibly^ a last 
mkltite thanga in the lattice arrang^ent. On the right is the 19tfi layer of graph itf 
covering layer 18 containing slugs of uranium oxide. \ 
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Doscnbinq this phasr of tho work. Albert Wattonborg, one of Zinn's 
yrou^, said: "^'Wo found out how coal nniners teSl. After eight hours of ma- 
chining graphite, wo looked as4^ we were made up for a nunstrol. One shower 
would remove only the surface graphite dust. About a half h9ur after the 
first shower the dust in xUa pores of your skin wou^d start oo/ing. Walking 
around the ro^J^n where we Cut fhe graphite was hko walking on a dance 
floor. Graphite is a dry lubricant, you know, and the cfement floor covered^ 
with graphite ckrst was slippery." > 

Before the structure was halt complete, measurements indicated that 
the critical si/e at which tl^o pile would become self-sustaining wa$ some- 
wf^at less thar) had been anticipated in the designs 

Computations Forecast Success 

' Day after day the pile grew toward its final shape. And as tfie si/e^of 

the pile increased, so did the nervous tension of tfie men working on it. Logi- 
cally and scienyficaify tiiey knew tins pile-would become self sustaining. It 
had to. All th# measurornents indicated that It would. But still the demon- 
stration had to be made. As the eagerly awaited moment drew nearer, the 
scieiUistH gave greater and gieatei attejntion to details, tlie accuracy of niea 
suieinents, and exactness of their construction wwk. 
" ' Guiding the entire pile, construction and design was the nimble brained 

Fermi, whose associates described him as "completely self confident but 
wfiolly without conceit." 

So exatt were Fermi's calculations, based on the measurements taken 
frurn the partiajly finished pile, that days before its completion and 'demon 
stratior> on Docembei 2nd^ he was dl)le to predict aliTiost to the exact brick 
the point dt-which the reactor would become self sustaining. 

Out with ^ill their care and confidence, few in tlie group knew tlie 
extent of the heavy bets bemg placed on therr success. In Washington, the 
Manhat^ui District had' proceeded wrth negotiations with E. I. duPont de 
^ Nemours and Company to design, build, and operate a plant based on the 

principles of the then unproved Chicago pile. The $350,000,000 Hanfoid 
. F.nginei^r Works'^ at Pasco, Washington, was to be the result. 

^ At Chicago (iuiirMi the early afternoon of Decembei 1st, tests indicated 
tliat critical si/e was rapidly being approached. At 4:00 p.m. Zinn's group 
. was. relieved by ^ilie rT\en workrng under Anderson. Shortly afterwards, the 
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, The H'ttyf Sfands of Stitgi/iF ie/d 
in Chicago, 



last layer of graphite and uranium bricks was placed on the pile. Zinn, who 
lemained. and Anderson made several measurements of the activity within 
t|e pil(?. Thoy wero certain that' when the control rgds were withdrawn, the 
pTlo would l)ocome self sustaining. Both had agreed, however, that should 
ineasur^nents indicate the reaction would become self-suslainirig when the 
rods were withdrawn^hey wouid not start the pile operating^until Fermi and 
the rest erf the group c^hKl^K be otfsent. Consequently, the control rods were 
lockad and further work was postponed until the follovving day. 

That night the word was passed to the mon*who had worked on the pile 
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;'Asfsembly for the Test 




About 8^30 <>iiNh« mni:a'''iQ of VV«dot}s5ti(»v/ IJ^^'cmtwr 2hd, t^jc grOup v 
bogan fo-assenitHIR If/'thusqudsti cbiirt.. . * • 

At the iioitl/ end of the-squash court was* a b^ilcony about ton fcot 
•<(t)Ovo the tlodt'*of XUe court, f eiini, •Zinn,..AlicUH^ri^ arid Comptoiv w^ue 
<jjoyl)0(jl'*ijound ins^rAimonls at\he east ond'of tfie^t^alcony. The remaindor of 
the yobservers crowded the little balcony. R. G. Nlof>los, bna o) the younq - 
scieiitists who worked oti^the pi^e, put it this way: "Th6"3fc;itrol cabinet was 
^rroun5,Jod by the 'big wheels'; tT>e-."Tittle wheels' had to stand back." | 

, . ^ ' On the^'tloor of the squash court; ' 

just beneath the^balcopy, stood Georqe 
Weil, vvhose duty ^ it vVas to handle the 
fmal tior^trol rods. In the pile were three 
sots of control rod5. One set was auto- 
nnatic and cquld bo controlled from the ^ ^k.\ 
balcony. Another was an emergency : 
safety rod. Attached to one end of this , 
rod was a rope lunning thi^uugh the 
pile and weighteif heavily on the opposite , 
end.- The rod was withdrawn from the 
pile and tied by^ another rope to th^. 
balcony. Hilberry was ready to cut this 
rope with an axe should something 
unexpected happen, or in case the au 
George yVwl matic safety rods failed. The third'^rod/ 

operated by Weil, was the one which actually held.the reaction in check until 
withdrawn the proper distance. 

Since this demonstration yvas new and different from anything ever ^ 
done before, complete reliance was not^ placed on mechanically operated 
control rods. Therefore, a "liquid control squad," composed of Harold 
Lichtenberger. W. Nyer, and A. C. Graves, stood on a platform above the. pile. 
They were** prepared to flood the pile with cadmium-salt solution in case of 
mechanical failgre of the control rods. 

bach group rehearsed its pait of the experiment. 

^ At 9:4b f-ermi ordered the electrically operated control rods with- 
drawn. The rTian at the controls threw the switch to withdraw them. A small 
motor whined. All eyes watched the lights which indicated the rods' position. 

But quickly, the balcony group turned to watch the counters, whose 
clicking stepped up after the rods were out. The indicators of tfiese counters 
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resembled the face of a clock, with "hands" to indicate^neutron <:ount. 
Noaiby was a recorder, whose quivering pen tiaced the neutron activity with- 
in the pile- 
Shortly after tefi o'clock, Fermi oidered the emergency rod, caMed 
"Zip," pulled gut iiiSd tied. 

"Zip out," said Fermi. Zifin withdfew'"Zip" by hand and tied it Xi\ the 
balcony rail Weil stood ready by Xhc "vernier'* control rod whicfi was marked 
to sfjbw the number of ffeet and inches which remained within the»pile. 

At 10:37 Fermi, without faking his eyes oft "the instruments, said 
quietly: * » ' • ' ^. . . 

"Pull it to 13 feet, George." The couruefs clicked taster. The gra|5h 
pen moved up. All the Instruments .were studied, ahd computations were^ 
made, ^ . : 

"This is not it/' said Fermi. "The trace will go to this jioirU and level 
off." He indicatecJ a spot on the graph. In a fevwminutes the penJcacne to-xhe 
indicated point and did not go above t^a^ point. Sevef> minutes later Ferrni 
ordered the rod out another foot. 

Again the counters stepped up their clicking, the graph pen^edged up- 
wards. But the clicking was irregular. Soon it leveled off. as did the thirtHjrie 
of the pen. Thre pile was not self-sustaining^-yet. 

At eleven o'clock, th^> rod came out another six inches; the result was 
the same: an increase in rat^ followed by the leveling. off. \ 
Fifteen minutes later, the rod was further witfidra^n and at 1 1:25 was 
moved again. Each time the counters speeded up, the. pen climbed a few 
points. Fermi predio|[ed correctly every movement of the 'indicators. He knew 
the time was near. He wanted to check ev^erythirig again. The automatic cot)- 
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trol rod wos roit^scrtcd without waiting tor its automatic ioaturo to operate. 
The graph line'took a drop, tl^e counters slowed abruptly.'^ ' 

At 1 1 :36^Uio automa^lc*sa<ety rod was withdrawn and set. The control 
rod was a^justecfand "Zif^N wit^ withdrawn. Up went the counters, chckir^g, 
dickinq, faster and faster It Wai the dickety click of a fast train over the 
rails. "1 he graph pen started to climb. Ttmsely, the little group watched, and 
waited, eritrancH^d by ^hij cliinbir^g needlt?. 

^ Whrrrump! As it by a thuijidor clap, the ipell was broken, tvery man 
tro/e then bieathod a. sigh of relief whtin h« realized the automatic rod had 
slammed home. The satoli|^ point at which the rod operated automatically 
had been set too low.' 

"I'm hungry," said Fermi, "Let's go to lunch." • 

/ . 



Time Out for Lunch ^ 

« • 

Perhaps, like a great coach, Feimi knew when his men needed a 
"bieak." 

It was a straiMje "between halve.5" respite. They got no pej) talk. They 
talked about everything else but\the "game." The redoubtable Fermi, who 
never says much, had even less to say'. But he appeared supremely confident. 
His "teani" was back ow the squash court at 2:00 p.m. Twenty minutes later, 
the automatic lod was reset and Weil stood-^e^dy at the control rod. 

"All right, Geoige," called Ferrni/'and Weil moved the rod to a pre- 
determined point. The spectators resumed their watching and waiting, watch- 
ing the counters spiri, watching tfie graph, waiting foi the settling down.and 
coii^puting the rate of irse of reaction from the indicators. 

"^At 2:50 the coiUrof lod came out another ^oot. The counters r^early 
jammed, the pen headed off the graph paper. But this was not it. Counting 
ratros arid the graph scale had to be chariged. 

"Move it six Inches/' said Fermi at 3:20. Again the change-^but again 
the levelirig off. Five minuted later, Fermi calledi'^'Pull it out another foot." 
Weil withdrew tiie rod. ^ . 
"Jhiij IS goirig to (ft> jt," Fermi said to Cornpton, standing at his, side. 
"Now It will become s(?lf sustairiir^g. The trace will chmb arid continue to 
climb. It Will not level off." ^ 

Fermi coriiputed the rate of rise of the neutro« counts over a niinute 
period. He silently, grim-faced, ran through some calailations oil hii slide 
rule. ^ V 




first pf/if scientists at the University of Chicago on December 2, 1946, the fourth snni- 
votary of \heir success. Beck row, left to right, Norman Hiiberry, Semuei Allison/' 
Thomas Brill, Robert G. Nobles, Warren Nyer, and Marvin Mikentng. Middle row, 
Harold Agnew, Wiffian} Sturm, Harold Uchtenberger, Leona W. Marshall, and Leo 
Sjrilard. Front row, Enrico Fermi, Walter H, Zinn, Albert Wattenberg, and Fterbort L 
Anderson, * . . ^ 

In about a minute he ag^^in computed the rale of rise. II the rate was 
constant arid remained so, he would know the reaction was self sustainir>y. 
His fingers operatecf Hie slide rule with lightning speed. Characteristically, 
he turned the rule over and jotted 'dovy.fi some figures on its ivoTy back. 

Three minutes later he agaiM computed the,^.rale of rise in neutron 
count. The ijroup Qn the balcony had by now orowcfed in to get eye on the 
instruments, those liehind craning their iiecks to be sure they would know the 
v<My instant history was made. In the background could be fveard Wilcox 
Overheck calling out the neutron count over an annunciator system. Leona 
Marshall (the ^nly girl present), Anderson, and William Sturm were record- 
ing the readings from the instruments. By this time the click of the c(^tinters 
was too fast for the^iuman ear. The clickejty click was now o steady brrrrr. 
Fermi, unmoved, Nunruffled,>:ontinuea his cornputations. 



The Curve is Exponential 



"I Couldn't sec *tho nnstrumortts/' said Weil, "I Inid to watch Fotmi 
cvey secotid, waiting for orders. His faco w«s motionless. His eyes darted from 
one dial to anotf>«r. His exprtri^slpn was so Cijjm it was hard, But'suddonly. his 
whole face broke into a bioad smilo." ^ ^ 

F(M nil closed his ^lide I ule — ' * • • 

'*The leaction i$ self ^justaminji/' he announced quietly, happily. "The 
cuive IS exponential " . " • * 

The group lerwiely watched for twenty-eight minutes while tf\e world's 
first nucloar chain reactor operated. , ' , 

The upward movement, of the pen was leaving a straight line. There was 
no chonge to indicate a leveling off. T his was it. 

"O.K.. 'Zip' in," called Fermi to Zinn who controlled thijt rod.* T lie 
time was 3 63 p.m. Abruptly, the countois slowed dowD, the pen slid down 
»across the paper, h was all over. - ^ 

Man hq^ ir^itiajed a self suitaining nuclear reai;tion— and then stopped 
jt. He had released the er)ergy of the atom's, nucleus and controlTed lhat 
energy. 
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I Th^ "births certificate" of the Atomic Ago. The g^/vanopiotffr chart that indic^t^d the 
rise in neutron intensity associated with the first controiled dinin reiiction. 
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Riyht atlei F ini^rder od the ioai:iy<i stopped, the Hungai lan born 
theoretical physicist ^iftjcm>sWujncr pros^fmed him with <) bottle of Chianti 
wine^ All through the exporim & T U W iqfler had kept this wine hidden behind 
his back. 

Rermi uncorked the wine bottle and sent 
oiJl for paper cups so all could drink. He 
poured a little wine in all the cuf>s, and silently, 
soleninly. without toasts, the scientists raised 
the cups to their hps -the Canadian Zinn, the 
Hungarians Szilard and Wigner, the Italian 
Fermi, the Americans Compton, Anderson, 
Hilberry, and a score of others. They drank to 
succ^ss-and to the hope they w«re the tirst 
to succeed 

A sn^all crew was left to straighter^ up, 
lock controls, and check all apparatus. As the 
group tileii from the West Stands, one of the 
guards asked Zinn : ' 

"What's going on. Doctor, something happen in there?" 

The guard-did not hear tfio message which Arthur Compton was giving 
James B. Conant at Harvard, by long-distance telephone. Their code was not 
pre-*ar ranged 

"The Italian navigator has landed in the New World," said Compton. 
"How were the^^tives?" asked Conani. 
"Very friendly." ^ • . 




Eugene P. I/Vtgner 



The Ch/antt bottio purchased by 
Bugeno yVigiwr to heip ceiobrate the 
first se/t'Sustamtng, cohtroffed chain 
reaction. Many of tfi& participants, 
I nc fading Ennco Formi, autographed 
tiie basket. 
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List of Those Present at 
CHICAGO PILE EXPERIMENT 
December 2, 1942 



Enrico Fermi 



H. M. Agnew 
S. K. Allison 
H . L. Anderson 
^W. Arnold 
H. M Barton 
T. Brill 
R. F. Christy 
A. H. Complofi 
H. J. Fox 
S. A- Fox 
D. K. Fromun 
A. C. Graves 

C. H. GrOenewalt 
N. H liber ry 

D. L Hill 
W. H. Hinch 
W. R. Kanne 
P. G. Koonu 

H. E. Kubitschek 
H. V. Licliter^beryor 
G. Miller 



G. Monk, Jr. 
R. G. NoOles 
W. E/Nvtfr \. 
W. P. Cfverbeck^ 

J, Parsons 
G.S. Pawlieki 

Sayvete 
L.SOron 
L A. Slotin 
- F. H. Spedding 

. ^ W. J. §tuYm 
Leo Szilard 
A, Watteobeig 
R.J. Watts' 
G. L.Weil 
E, P. Wigner 
M. Wilkening 
V. C: Wilson 

^ E. O.Wollah 
Miss L. Woods 
W. H.Zrnn 
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FERMI'S QWN STORV' 



By Enrico f-^rmi 



It is ten ytiiirs sinc« man first acliioved a self sustaining atomic reaction. 

Many people link this event only with tlie (ievelopniept of the atomic 
bomb and the subsequerit efforts to develop the hydrogen bomt), reference 
to which has been mad© in the last tew days by th^Ptomlc Energy Commis- 
sion. 

The history, of the first self-sustaining nuclear chain reaction, like tijgt 
ot all scientific achievements, begins 'with man's first philosopliical specula- 
tions about the nature of the universe. Its ultimate consequences are still un- 
predictable. 

The sequence of discoveries leading to the atortiic chain reaction was 
part ot the search ot science tor a fuller explanation of ruitureand the world 
around us. No one had any idea or intent in the beginning ot corTtributing to 
a major industrial or military development. 

• A partial list of the main stepping stones to this developrtwnt indicates 
mar>y courUries contr ibuted to it.' 

The story begins in Pans .m 189G wlien 
Antoine Henri Becc)uerel discovered the existence 
of r^jdioactive elements; that is, elements which 
spontaneously emit invisible, penetrating rays. 
Two years later, also in Paris, Pierre and Marie 
CjJrie discovered radium, tor many years the best 
known of the radioactive elements. 

In Zurich, Switzerland, in 190J5, Albert 
Einstein announmi his belifjf that mass was 
equivalent to energy. This led to^ speculation that 
one could be transformed into the other. 
A most important (discovery can^e in 1912 when Ernest Rutherford 
discovered the minute but heavy nucleus which forms the core of the atom. 
In ordinary elertients this core is stable; in radioactive elements it is unstable. 

Sfiortly after World War I, the same Rutherford achieved for the first 
time the aitdicial disiniegralion ot the r^ucleus at the center of ttie nitrogen 
alum. ♦ 




A. H. Becquerel 



^1Wiittf»n by t>i Fermi niuf published in the Chicago Sun-Times. Nov^itiber 23, 
, »n (ibseiv»itue of tho tG«j^jh ;uin>vorsotv ot ^ erft^i's successful "f^irst Ptiii" expert* 
»rniint Copyru^lit liy the Chicago Sun-^Timos. Reprinted by perrtiissioi^. 
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£" urnvs ( Ru tht^ fiord 




During tlio noHt docado. rosoarch proj^osjod 
stOiidtly. it unspuctiiculiirly. Then, in 1932, come 0 
sorio/*Ot throe discoveries by scientists working in 
thruo difforont countries which led to" the no^t 
^iroat a(ivance. 

Waltoi Bothe in Germany, and Hredoric 
Johot-Curie in Pans propaied the giound work 
that led Jan^es Chadwick of tnyland to the dis- 
covery of tho neutron. The neutron is an elec- 
trically neutral building block of the nuclear 
structure. The other building block is the pos- 
itij/ely charged proton. 

Ihe next step was taken in Rome in 1934. 
In oxpeiiniefits in whicfi I was concerned it was shown that these neutrons 
could distinteyrate many atoms, mcludiruj those of uranium. This discovery 
was to be d)rectly applied in the first atomic chain reajution eight years later. 
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The Discovery of Fission 



\ 



The final stepppi'^Q stone was put in place in Berlin when Otto Hahn, 
working with Fritz Strassman, discovered fission or splitting of the Uranium 
atom. When Hahn achieved fission, it occurred to man^^|jj[er)tists that this 
fact opened the possibility of a form of nuclear (atomic) energy. 

The year was 1939. A world war was about to start. The new possibil- 
ities appeared likely to be important, r>ot only for peace but also for war. 

A group of ^^hysicists in the United States- including Leo Szilard', 
Walter Zinn, now director of Argonne National Laboratory, Herbert 
Anderson, and my ?>elf— agreed privately to- delay further publications of 
findings in this field. ^ 

We were afraid these findings might help the N^2is. Our action, of 
course, repiesented a break with scientific tradition and was not taken 
lightly. Subsequently, when the government became interested in the atqm 
bonib project, secrecy became corripulsory . 

Here it rt^ay be well to define what is meant by the "chair> reaction" 
which was to constitute our next objective in the search for a metliod of 
utilizing atomic energy. 

An atomic chain reaction may be compared to the burning of a rubbish 
pile from spontaneous combustion. In such a fire, rninute parts oMhe pile 
$tart to burn and in turn ignite other tiny fragrrients. When sufficient numbers 
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ot those fiiictioniil paiU lioaloci lo Uie kindliiiy points, the orutio ho<ip 
bursts Hito flanios. * 

A simiUir procosii takes place in an aton^ic pile such as was-constructod 
under the Wost Stands of StaflgTFiold at tho Ufiivorsity of Chicago in 1942/ 

Tho pilo Itself wa^ conslruclod of uranium, a material that is^emlwdded. 
in «i matrix of graphite. With sufficient uranium in thij pile, the few'* neutrons 
emitted ir^ a single fission that may accidontally occur strike neighboring 
dtoms, which \\\ turn undergo f issioi> and produce more noutr'ons. 

T hose bombard other ""atoms and so on at an increasing .rate until the 
atomic "fire" is going full blast. ^ . 

The atomic pile Is controlled and prevented from burning itself to 
complete destruction by cadmium .rods which absorb neutrons and stop tho 
bombardment process. The same effect might be achieved by runrflnga pipe 
of cold water through a rubbish heap; by keeping the tenjperature low the 
pipe would pi event the spontaneous burning. 

The first atomic cham reactiof) experiment was designed to proceed at a 
stow rate, in this sense it differed from the atomic bomb, which was designed 




Piitant Number 2,70S,6SS was fssiwd on May 16^1955, tp Enrico^ Fermi and Leo Si Hard. 
The invention it cpverod Jnclud^d thft first f}udo»r reactor, Oiicago Pfia No. 1 (Cf^lL 
Although the paiont Voir af^pfied for h Qacembifr 1944, it could not tw issued until 
yeai-s later when «// f/»(» iocref information H^containiltd had been declassified. VUs 
drQ\/y9ngwnp0rt of thop0if(n,t0pplioapon:/ V' 



\1- 




to pjocymi at ns fast i\ rati) as was possible. Othetwisif, tho basic pioo^ss is 
similar to that ot the aWinit: bomb. 

Tho atomic cholh reaction was the result ot hard work by many hands 
and many heads. Arthur^*H. Compton/Walter Zinn, Herbert Anderson. Leo 
Szilard, Eugene Wlgnor and'^many others worked directly on the problems at 
the University ot Chicago. Very many oxjKJrimonts and calculations had to 
be portofmed- finally a plan was decided upon. 

Ihiity "piles" of less than the size necessary to establish a chain reac- 
tion were built and tested. Then the plans were mmie tor the final test ot a 
full-stzedpile. 

t * The scene ot this tej^t at tho University of Chicago would have been 
cohfusing to an outsidei— if»he could have eluded tho security guards and 
gained admittance, ' ' 

He would have seen only what appeared to be a crude pil6 of black 
bricks and wootJer) tirT)t>ers. All but one side of the pile was obscured by a 
balloon cioth er)velope. 

As the pile grew toward Its final shape during the days of preparation, 
the measurement performed many times a day indicated everything was' 
going, if anything, a little bit bettei than predicted by calculations. ^ 

The Gathering on the Balcony 

Finally, the day came when we were ready to run the experiment. We 
gathered on a balcony about 10 f^^t above the floor of the largo room in 
which the structure ha#been erected. 

Beneath us was a young scientist, George W^il, whose duty it was to 
han<^ile*the last control rod that was holding the reaction in check. 

Eveiy procautiorf had beer) taken against an accident. There were three 
sets of control rods in the pile. One set Was automatic. Another consisted of a 
heavily weighted eVnergency safety held by a rope. W^ilter Zinn was holding 
- the ropo ready to release it at th6 leas^sign of trouble. 

The last rod left in the pil^, which acted as starter, accelerator and 
brake for the r^actiqn, was the one handled by Weil. 

Sir)ce the experiment had never been tried before, a "liquid control 
squad" stcjod ready to hood the pile with cadmium salt solution in case the 
control rods failed. Before we began, we rehearsed the safety precaution^ 
carefully. 

Finally, it was time to remove tho contrcjl rods. Slowly, Weil started tq 
withdraw the main coptrol rod. On the balcony, we watched the indicators 
which measured the neutron count and told us how rapidly the disinteflra- 




Won of t^ie urariiurn atones ui]dei their neutron bonibardment was proceed- 

At 11:35 a.m.. tho countert were clicking rapidly. Then, with a loud 
clap, the automatic cof^trol rods slammed home. The safety point had been 
set too low*. * , 

It seemed a good tirrie to eat lunch. 

During lunch everyohe was thinking.about the experiment but nobody 
talked much about It. 

At 2:30/Weil pulled out the control rod in « series of measured adjust- 
ments. 

Shortly after, the intensity shown by the indicators began to rise at a 
slow but ever-increasing rate. At this monient we ki^ew that the self-sustaining 
reaction was u rider way. 

r The event was not spe^abular, no fuses burned, no lights flashed. But 
to us it meant that release of atomic energy on a large scale would be only a 
mattei oi time. 

The fuithei development of« atomic energy during the next three years 
of the war was, of course, focused or) the main objective of producing an 
effective weapon. 

At the same time we all hoped that with the end of the war emphasis 
would be shifted doc[dedly from the weapon to the peaceful aspects of 
atomic energy. / • » 




- y 

Wo Jiopod that porhnpn tho Injildino of power plwnts. prcKkiction \>i 
riuJiooctivo oloimnts tor sciunce and niodicuio would bocorne tho porrtmount 
object ivov * / 

^Untortunatnlv, tiio ond of tho war did not briiMl brotheriy lovo omong 
r^ntions. The fabrication of* weapons still is and must m tho primary concern 
ot the Atomic Fnerqy Commission. 

Sociocy that wo thought wCis an unwulconio necessity ot the war still 
appears to be an unwelcome fiecossity. The peoceful objectives must come 
seiuind, although very considerable progress has been made^also along those 
Jines, I 

The probl«im posed by this woild situation are not for the scientist 
alone but foK all people to resolve. Perhaps a time will dbme when all scien- 
tific and technical progress will be hailed for the advantages that it may bring 
to man. and never feared on account of its destructive possibilities. 




/ 




QF SECRECY AND THE PILE" 

Iho peiiod of <jiuiit seciecv »»1 our hfc stiiMod when wc moved to 
Chicmjo tnrico walkf?d to work evory moiniofl. Not to iho physics building/ 
noi siniply to the "\id}/' buX to tlic "Mot l ab/' Uio Meiiilluicucal L aboiatory 
Everythir^g was top socnn thoio. I w<is 4old ono sintjio secret: there wore no 
jiioiyilurgists at the Mq^aHurgical Laboratory, tvon this piece of infolmatioii 
Wiis not to be divulyecl. As a matter of fact, the loss I talked, tho^better; the 
fewer people I saw outside the grov^p working at the Met, Lab,, the wiser 
I would be. 

Ill the tall, Mr. and Mrs. Arthur H. Conipton Twas to learn later that 
he was in chauV? of the Melallur(|K:al Projoct-qave a series of parties for new- 
comers «1t the Metal lurflical Laboratory. IN^owcortiers were by then so numer' 
ous tliai not even in Ida Noyos Hall, the students' recreation hall, yyas there a 
room large enough to seat them all at once; so they wer^ invited in shifts. 
At each of the$a parties the English film Next Of Kin v^as sho\Nn, It depicted 
in dark toru?s the consequences of negligence and carelessness. A briefcase 
laid down on the floor in a public place is stolen by a spy. English military 
plans become known to the enemy. Bombardments, destruction of civilian 
homes, and an unncessary high toll of lives on the fighting front are the 
result. 

After the film there was no need for words. 

Willingly we accepted the hint and confined our sOTTlnl activities to the 
qroup of "metallurgists." Its always expanding sil^e provided ample possibil 
ities of choice; besides, most of them were congenial,^ as was to be expected, 
for they were scientists. 

The nonworking wives wished, quite understandably, to do something 
for the war effort. One of the possible activities along this line was to help 
entortair^ the armed forces at the USO, I preferred to sew for the Rod Crosi 
oi to work as a volunteer m the hospital of the university, and to save my 
social capacities for the people at the Met. Lab., who had not the benefit 
of Uie USb. • ' 



»«^f^r<)m Atoms itf thfi Ffimity, L<iuro herrrii, Univorsity of Chicago Prew, Chicago, 
lllieoi*. 19b4. Copyilflht by the University of Chicago Prttis. Reprinted by permiulon. . 
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Laura and Enf'tc^ Fermi 



The Fermis' Party 



V 



Jhus, early ir> DectMiibor 1942, I gave a largo party fo» the metallurgists 
who worked with Enrico and for their wives. As the first bell tang shortly 
after eight m the evenir^g, Enrico wont to opeti the door, and I kept a few • 
stops behind him in the hall. Walter Zinn and his wife Jean walked in, bring- 
ing along the icy cold air that clung to their clothes. T^deir .teeth chattered. 
They shook the snow from their shoulders and stamped Jlioir feet heavily on 
the floor to reactivate the circulation in limbs made numb by tbe subzero 

# Gather. Walter ^p^o^ded his hand to Enrico and said: 
"CongratuiatibrCs/' * ' ' - ' 

"Congratulations^" I asked, puzzled, "What for?" fJobody took any 
* rH)tice of mo. ^ ' , 

Enrico was busy hanging Jean's coat in tho*closet, and both the Zinns 
were fumbling at their snow boots with sluggish fingers. 

"Nas^y weather," Jpaa said, getting up from fter bent position to put 
her boots in a corner. Walteragain stamped his feet noisily on the/loor. 



"Won't you come into the living room)" Enrico asked. Betoiti wo had 
time to sit down, the t>oll rang again; again Enrico went to open the door, and 
amid repeated stamping of feet and complaints about the extrao^dinarilv cold 
weather I again heard a rnd>i's voice: 

"Congratulations.'^ 

It went on this same way until all our guests had ariived. Every single 
man congratulated Enrico. He accepted the congratulations readily, with no 
embariassment or show of modesty, with no words, but with a steady grin 
on fiis face. 

My inquiries received either no answer at all of such evasive replies as:. 
"Ask your hujiband/' or: "tvJothing special. He is a smart guy. That's all/* or; 
"Don't get excited. You'll find out sometime." 

I had nothing to help me guess, Enrico had mentioned nothing worthy 
of notice, and nothing uiyusual had happened, Except, of course, the piepara 
tions for the party. And those did not involve ^pricoand provided no ground 
for congratulating, 

I hbd cleaned house all morning; I had polished silver. I had picked up 
the ele'ctric train in Giulio's room and the books in Neila's, If there is a 
fornuild to teach order to children, I have not found it. I had lun the vacuum, 
dusted, and sigfied. All along I was making calculations in my mind: ^ 

"Half an hour to setjho table. Half an hoUr to spread sandwiches. Half 
an hour to collect juices for the punch. ... I must remember to make tea for 
niy punch soon, so that it will have time to cool. . . , And ji people start 
coming 'by eight, we'll havato start dressing by seven-thirty, and eating dinner 
by .X, . So I had calculated my afternoon schedule backward from the time 
the company would arrive up to when I should set myself to work. 



A Homemaker's Sqhedule 

My schedule was upset, as schedules will be. While I was baking cookies 
in the kitcheVi, the house had gone" surprisingly quiet, too quiet \o contain 
'Giulio and his two girl friends, who had come to play. Where were they? Into 
what sort of mischief had they got themselves? I found them on the third- ^ 
floor porch. The three angelic-looking little children were mixing snow with jj 
the soil in the flower pots ^pd throwing balls at our neighbor's recently 
washed windows. Precious time was spent in scolding and punisl^ng, in^ 
seeing what could bo done to placate our neighbor. 

So at dinner time Enrico found m^ hurrying through the last prepara- 
tions, absorbed in my task ar^d even less tl.ian usually inclined to ask question^ 



Er|c ; 

, :.:„;,■: a7. 



of hiin. Wo rustled through dinner, iind thon I roali^od wo hud no ciyarottus. 
It was not unusual: w<> don*t smoko, and I always forget to buy thorn. 

"Enrico, wouldn't you run to the drugstore for cigarottos?" I aslied. 
Th« answor was what'l oxpected, what it had boon on other such oocasioris; 
"I don't know how to buy th<fm." 

"We can't do without Ciijarettos for our guosts/' I in^ii^itcd. as I always 
did; "tt isn't done.'-! 

"Wo*'ll set the liabit, then. Besides, the less our company sn^okes, the 
better. Not so much foul $mell in the house tomorrow." 

This little act was almost^ ritual performed before edch party. There 
was nothing uiiusuf^l in it, nor in Enrico's behavior. Then why the congratu^ 
lations? 

I wem up to Leona Woods, a tall 
your^g girl built like an athlete, who could 
do ^ man's job and do it well. She was 
the only woman phyijicist in Enrico's 
group. At that time her mother, who was 
also endowed with inexhaustible ener|y, 
was running a small farm near Cliicago 
alrhost by herself. To lelieve Mrs. Woods 
of some wo^k, Leona divided her time 
and* her allqgianiSe between atoms and 
potatoes. Because I refused either to 
snfifish atoms or to dig potatoes, she 
looked down on me. 1 had been at the^ 
Woods's farm,' however, and had helped with picking apples. Leona, 1 
thought, owed me some friendliness. 

"Leona, be kind. Tell me what Enrico did to earn these congratula- 
ln^ns." ^ 




Leoi^a Woods 



Sinking an Admiral 

Leona bent her head, covered with short, deep-black hair, toward mo, 
and from her lipl^me a whisper: 

"He has sunk a Japanese admiral." 
"You are making fun of tm/' I protested. 
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But HeMhert Afuicison cadu* to )<)if) 
forces with Loorui. Herl>orY. tho l)ov wtid * 
had boen a (jniduativ studont «t Colunfibln 
University \vhen we arrived in the United • 
States, had taken his Ph.D. wojk witlr 

Eniico -afid was still working with Miin 

\\ifff^f'%^-f^ Ji j^^^.:^^^ hat! come to Chioego a few months 

' ' before I did. * 

"Do you think anything, is inipos- 
sibltf- tor Enncb?" he asked ine w*^h an 
.earnest^ almost chriiing, face. 





' H.rt^^rxL%.<i.non " '^^^ *'^'«^^V fhe logical 

part *0f njy mind *<iid disbelieved Xheie 
still was anolher. way hack, almpst in the 
subconscKHK. that was tightifuj for acceptarux^ of Loona's aad HeiVrt's 
words Herbert was tnrico's rtientor. Leona. wtio was young enough.jq, have ^ 
submitted to intelligence tests in her recent school days, was said to liave a • 
spectacular I.Q. They should know. To sink a ?hip in the Pacrfic fronr -"^l 
Ctiicago . . perliaps power rays were discovered. . ■ ^ v <^ 

\A/heti a struggle between two parts of onus's mind is not pro^nptly 
resolved with clear outcome, doubt results. My doubt was to last a long time. 

That evening no more was sai(i about admirals. Tlie party |)roceeded as 
most parties do. Willi a •great deal of small talk around tf^e puncfi bowl m tho 
dining room.-witli conmipjits on the war in tho living room; withjgarTies of 
pingpong and shuffleboard on the third floor, because Enrico has always ' 
enjoyed playing games, and most of our guests were young. 

hi the days that followed I made vain efforts to clear my doubts. 

"bnrico. did you really sink a Japar;ese admiral?" 

"Did I?" f ruico would answer with a candid expression. 

"So you dui not sink a Japanese admiral!" 

"Didn't I ?" His expression would not change. 

Two years an<;t a half elapsed. One evening, shortly after the end of the 
war in Japan, Enrico brought home a mimeographed, paperbound volume. 

''It may interest you to see the Smyth Report,^^ he said. "It contains 
all tieclassitied information on atprtiic energy. It was just released for pubhca- 
tion, and tliis is an advance copy.' 



13., . 

I his cinssir docum«nt, 4 Genaral Account of tho Devi^fopmffnt of Methods of 
Usinn Atomic Energy for MtJttary Purffoses. writton by Henry V. Smyth, who directed 
loseaicri at tho Moiollurglcal LaboretorV. was- roloased by the War Department on Au- 
oust 12, 1946 tit later was published, with a shorter title, by Princeton Ufilverslty 
Press. See Suoflostod References.) 
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It Wvis WX easy rttdcJing. I stfiajyUul with its tochniCii! Ianyurt0« unU its 
(Iffficult coiitCfU tjntil slowly, painfully, I woikod niy way ihrouflh it, Wh<»n I 
reached the mickilc of tho book, I touiuJ the loason toi the conQiatulalloi^s 
Ennco had rocitivod at our party. On tho >if tornoon of that day, Decombor 2. 
1942, tho first chain roaction was achiuvod and the first atoo^ic pilo oporatod 
successfully, uiidot Erifico's diieciion. Younq Ltjona Wgods had coiisidorud 
ifiis feat oquivalunT to the sifikiny of an admiral's ship- with tho admiial 
inside 1 lu? dtoinic hotnb still lay in the womb of the future, awd Luona could 
not fotesoo Hifoshima. ' 
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r'hti **Counctt Inf^*' htmoitrh %\^inc/x schntists hetid a highly stfcrot dtscussion in April 
W42 (h(9t wds vitsf to thf) success of thv firsjt fiih. It stands in front of Eckh»rt Hall on 
the Univoistty of Chicago campus: Tho mating was held outdootf,so tho scientists could 
tafk frvely without being ovetheaiod. • ♦ * ' 
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FINAL 



The fifnt P/Vtf wv#5 di:ifuembled osrty m 
1943 and r&bui/t with certain rofitwments 
mid miHiif Nations near the present site 
pf the Argonne National Laboratory. It 
w&s renamed Chicago Pile No. 2 (CP 2). 



Unveiling ihe ipf^que on the 
l/yost Stands %f Stagg Field 
on the fifth annivertary^ 
Docttmber 2, 1947, Left to 
right ero AtC Commissioners 
i/Vifliam W Waymack and 
Hobe>t F. Bacher, Farringtori 
Daniels, Waiter H. !Zinn, 
Enrico Fermi, and R, Af. 
Hutch ins. Chancellor of the 
University of Chicago, The 
West Stands were demolished 
in 195/, but the plaque 
remains. 





er!c . 



The first heavy water moderated 
reactor (Cf^3) was built nemr 
CP'2 at Argonne. In 1966 the 
uranium, graphite, and heavy 
weter from the fivo reactors 
w^re removed and the remaining 
shells buried beneath this 
^mark^r^ 
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Signatures obtained during 
20th mnnivergMry progrsms 
#f f/nf American Nuclear. 
Society -Atomic Industrial 
Forum Meetings Washing- 
ton, D,C., November 27, 
1962, and at the Univer- 
sity of Chicego, Decem- 
ber U 196Z 



Model of a wdrk of sculp Htre by 
Henry Moore, who was commis- 
sioned by the Trustees of the Art 
institute of. Chicago to create a 
work to commemorate the 
"Birth of the Atomic Age** The'' 
sculpture was unveiled at the 
University of Chicago site on the 
25th* anniversary of the first 
pile. 
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EPILOGUE 



The 1942 CP-1 chain reaction oxporlnient marked the culmination of a 
process of European scientific discovery and American technical development 
in nuclear physics research that dated back lo 1934, when Enrico Fermi split 



Jn Aufi sense, the ilnal success oJ tKo MetallOigical Uiboralory was 
almost ;intichmflctic. 1 ho leyendury bottle of Chianti produced by Eugene 
Wjynor and signed by all the participants was actually purchased a year t>efore 
the successful experiment was completed. 

Nor was the success of CP-1 especially decisive in pushing the Manhattan 
Project forward. A visiting committee of scientists and eri)tneers had already 
recommended continuing the f)ile project before they arn|od in Chicago on 
December '1, and a day earlier General Leslie Groves, direttor of the Army 
project, had wrrtten the du Pont Company a letter authori/mg (Jesign and 
construction of the massive Hanford, Washington, plant tu product) pluto- 
nium, using thtj pile project as a prototype. * 

In this context, the famous telephone call from Compton to Conant 
takes on a different meaning. Conant, an enthusiast of Ernest Lawrence's 
project to separate efectr omagnetically U'^^^^ from \P^^^ as the cyiickest 
route to the hornl>, remaineti skeptical of the pile approach, and criticized tfie 
visiting Lewis committee report for pushing the pile project toward a full 
scale plant. In telephoning Conarit, Compton was not only conveying a 
secret message, but advocatirig a particular route to the new weapon. 

On December 28, 1942. President Roosevelt approved the report 
from Vannevaj Bush df the Office of Scientific Research and Development 
calling for an all out effort to build an atomic bomb with private industry 
working under Army supervision. In this crucial decision CP-1 had played 
an important part For it bad-transformed scientific theory into technological 
reality, and demonstrated ahat an* awesome new form of ^nergy had been 
harnessed to man's purposes. 

In earlV 1943. fQllowing the success of CP-1, work on the production 
piles shifted to new plants springing up at Oak Ridge, Tennessee, and HanTord, 
Washington. The scientists of Chicago gave way to the engineers of du Pont, 
and the major work of the Manhattan Project moved awayJrom that city. 

In Februaiy 1943, Gioves ordofed Fermi's pile movecf from Stagg 
hield to Site A, a 20-acre area of the Argonne Forest Preserve south of 
Chicago, where it was reassembled as CP'2. CP-2 was considerably larger than 
CP 1, and had a five-foot concrete shield build around it to avoid radiation 
exposure to staff. 



atom witliout realizing it. 
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CP 2 was tpllowod In j943 by CP 3^ U bjeavV'W<|ter j:oactor dosiyned 
by fcutjoiKi Wiiinof and built by WaUor Zinn. 

In 1944. tho n(iodost colluiction of cindef Koc|< opd .'cqiruaaled Iran 
sbuiUiings at Aigonno l)«canio t»)0 Aroonno LiiboiatorvJUtVect^d by Fermi. Its 
function now bocanu) basic rosoarch on nucloar flssid^i^ rathor than woapons 
development, with consequent shortages oKboth fund|V)g iind pQisor^nol until 

Jn ylatujaiy 194 A the Atomic Ert^r^jy Comrni^ipn purchased a now site 
neai UIMont, IlknOis, southwest, of Chicflyo for the7?ifionne National Labora- 
tory. At the new Kibu^atory the wartime loaotOrs became poactnimo caters 
of research yn to r^^wtion diffr actior)/ the e<fecti, of radiation, ^jnd applied 
mathematics. Tf>i9 pile of graphite and uranium krtowr( arCP I thus spawned 
a fuH'tfcale nuclear research f^jjoiajtory. Its work n(bfongdr Was used to study 
plutoniun) proifumion. but the brDader Tamificatiori^ of nuclear fission- 
biological qnd medic^ii research, basiu physiqs, reiict^r analysis, and nuclear 
power ^ ' . ' • \\ 

In the ehf^, the various t>ffspii;ui of'CI^:), the f iht reactor, continued its 
origitfial n^issiorV; to push back *ir^ explore, t^^ troptiofi of science in the 
never ending quest tori^nowled^of ^he iiniv'^^Jfe vvhl'cb;we live. * 
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The Day Tomotrow Began, 30 minutes, color, 1967. This filrii tells 
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story ot the construction ot the first nuclear reactor. Th€ story is highlighted 
by interviews with members of the research te^m and those closely associated 
with it, such as Glenn Seaborg, Mrs, Ehrico Fermi, Leslie Groves, Walter Zinn, 
Herbert Anderson, and Mr$» LQjona Libby, 
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PHOTO CMeOITS 

Covoi COuttysv Chi00<)O HiStoncol Sociuty 

All Olhor phqtoQtdMhi^ fiom \\w Argonnc Notioruil LyboriMory oxctJpl tHo tollowino 
^^QO ' \. - . . . 



4 Adtiison WoslOy PublisMiiiij Compnnv 

/ Stephen Ouutsch ; Wiishinqion UnTvcrsilv Aichivoji 

•J Ook Mtdgu Opcrdlionj OHrCO 

lb Chicago Iritjuna 

19 Nobol Insinuio (bottom) 

'2\ fVo» V Ulvtro Wc»uks, Discovery of (htf t/oments, Journol of^Chum»ciil Cductition 
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This document is pr inted as a special edition to coirimemo 
rate the 40th annivorsarV of the Chicajjo Pile, a landmark in 
the development of nuclear energy. For additional informa- 
tion on tuicloar energy, contact the Department of Energy, 
Office of tfio Assistant SecrN^Jtaiy for Nuclear Energy, 
f orresial Hmltfing, U)00 Independence Avenue, Waslting 
ton, D C. 20586. 
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